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OBJECT  6 

The  pressure  generated  in  sn  acid-soda 
cheaicsl  eztinguiaher  of  any  size  is  due  to 
the  carbon  diozide  gas  (COg)  evolved  by  the 
reaction  between  sulphuric  acid  (IlgSO^)  and 
sodium  bicarbonate  (IlaECCg).  The  chemical 
reaction  involved  is  as  follows: 
Z   llaECOs  ^  EpSO. -^2C0o  +  IIb^SOa  +  "KoO 

definite  charges  of  acid,  soda,  and  wa- 
ter ere  specified  by  the  manufacturer  as 
"normal"  charges  for  extinguishers  of  ecch 
size.  ?or  the  4C-gallon  es:tinguisher  used 
in  these  tests,  the  "normal"  charges  are  7 
pounds  of  66  Ee.  sulpihuric  acid,  £0  pounds 
of  commercial  bicarbonate  of  soda,  and  32 
gallons  of  water.  ?or  these  given  charges 
of  acid  and  soda,  e  definite  amount  of  car- 
bon dioxide  gas  \7ill  be  generated,  regard- 
less of  the  volume  of  gas  space  or  tempera- 
ture of  the  solution. 

According  to  Boyle's  law  the  pressures 
due  to  a  given  weight 'of  gas  arc  inversely 
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proportions!  to  the  respective  voliimes  of  the 
gss  at  constant  temperature.   In  other  v/ords, 
in  the  case  of  the  40-sallon  extinguisher, 
the  pressures  developed  hy  the  reaction  "be- 
tween normal  charges  of  acid  and  coda  at  con- 
stant temperatures  should  vary  inversely  with 
the  gas  space  ahove  the  solution,  and  should 
approech  infinity  os  the  ges  space  tpprosches 
zero.   This  condition  is,  however,  modified  due 
to  the  fact  that  as  the  pressure  increases, 
increcsing  amounts  of  gas  will  go  into  sol- 
ution. 

furthermore,  Charles'  lew  states  that  the 
pressure  developed  "by  a  5-iven  weight  of  gss 
is  directly  proportional  to  the  temperature, 
at  constant  volume.   Thus,  at  a  constant  vol- 
ume, the  difference  in  precsurc  developed  "by 
the  gas  at  4C  x.  and  120  ?.  may  he  found 
from  the  following  equation:- 
P^Yl^  ■B-Y2 
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Substituting  the  atove  temperatures  in  rbso- 
lute  degrees  Ferenheit,  in  the  equation,  v/e 
find  that  the  pressure  developed  at  120 **  F. 
is  1.16  times  the  pressure  developed  at  40°?. 
This  figure  is  not  ezactly  correct  due  to  the 
fact  that  a  certain  amount  of  heat  will  he 
evolved  from  the  reaction  raising  the  temper- 
atures of  the  gas  ahove  4C°  F.  end  120°  Fj 
"but  the  change  in  the  ratio  would  he  neglig- 
ihle.   This  relation  shows  thct  the  variation 
in  pressure, due  to  the  temperature  alone,  is 
not  great.  Another  factor,  however,  enters 
vrhich  makes  this  variation  much  greater;  i.e., 
the  greater  scluhility  of  CC^  gsc  fet  the  lower 
tcmpcraturc-c.  Approximately  2.14  grams  of 
C0£  gas  will  dissolve  in  lOOC  grams  of  water 
at  4C°  F.  while  only  .74  grams  will  dissolve 
at  1£0°  F.   This  means  that  the  amount  of 
availallc  gas  to  gencrcte  pressure  et  the  low- 
er temperatures  will  he  less  than  at  the 
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higher  temperatures  using  the  same  cherges. 

The  amount  of  gas  generated  in  the  re- 
action will  vary  with  the  weights  of  acid 
and  soda  used,  thus  varying  the  pressures 
developed. 

Eence  the  pressure  developed  in  a  Chem- 
ical Extinguisher  is  c  function  of  four 
varic'blcs:  viz.,  air  or  gac  space,  tempera- 
ture, and  -^eights  of  acid  and  soda. 

The  object  of  this  investigation  is  tc 
determine  the  effect  of  variations  in  these 
four  factors  upon  the  maximum  pressures  dev- 
eloped in  the  extinguisher  with  closed  noz- 
zle. 
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In  testing  a  given  extinguisher.  Under- 
writers' Io"borstories,  usuelly  sulDjcct  it  to 
certain  standard  operating  tests,  in  which 
the  temperature,  and  occasionally  the  weight 
of  acid  is  vcried,  other  factors  "being  main- 
tained constant  at  normal  values.  The  pur- 
pose of  these  tests  is  to  observe  the  charac- 
ter of  the  stream,  -^hc  variation  in  pressure 
during  the  test,  and  whether  the  stream  is 
acid  or  alkaline.  In  short,  the  ohj'ect  is  to 
determine  the  effectiveness  of  operation  of 
the  c::tinguisher,  using  normal  charges  at  var- 
ious temperatures. 

Comparatively  little  investigation  has 
he  en  made  to  determine  the  effect  upon  •*.:  ; 
operating  characteristics  of  the  cherical 
fire  extinguisher  of  varying  the  other  fac- 
tors. Previous  work  along  this  line  includes 
8  set  of  ohservctions  made  in  1900,  upon  the 
"Effect  of  excess  v;ater  charges  en  the  maxi- 
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rnvm   possitle  pressure  in  a  40-gallon  extin- 
guisher", end  described  es  follcvrs: 

"These  tests  v/ere  nade  v/ith  nozzle 
closed.  7^f   of  acid  and  EO^-  of  soda 
were  uced  for  each  test.  The  teaper- 
ature  is  not  ctated,  hut  was  in  the 
neighborhood  cf  45°  F. (Solution) . 

Tneach  cace  the  engine  wac  char^jed, 
hose  filled  with  T7stcr  and  nozzle 
closed.  The  sr.ount  cf  net  gas  opsce 
above  the  water  was  carefully  deter- 
mined in  each  esse.  The  engine  T;as 
then  inverted  end  allowed  to  register 
its  narimum  pressure.  Bhese  uaximum 
pressures  were  then  plotted  against 
initial  gas  space  expressed  in  gallons- 

Pour  tests  were  made.  The  soli: 
portion  of  the  curve  c1ra\7n  through 
these  points  is,  cf  course,  in  accord- 
ance with  the  test  data,  but  the  dot- 
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ted  extensions  are  protetly  in  error. 
The  left  end  oi   the  curve  would  proh- 
tbly   rise  :iiuch  higher  if  it  v/ere  de- 
fined hy  actual  data;  the  curve,  no 
matter  hcvr  far  extendet  to  the  right 
would  prohably  not  drop  he low  1E5  Ihs. 
for  the  chemical  charn;es  of  the  magni- 
tude used  in  the  test." 
These  tests  were  intendec  to  yield  data  onlj'' 
indicative  of  the  general  tendency  of  the 
air-space  pressure  curve,  for  the  tempera- 
ture was  not  definitely  knoY/n,  the  addition 
of  the  hose,  though  filled  v^ith  water,  possi- 
"bly  introduced  an  error  duo  to  its  e:rpensi- 
hility,  and  the  four  ohservstions  recorded 
were  not  sufficient  to  define  the  curve  over 
an  extended  range. 

The  desire  for  more  definite  results  es 
to  the  effect  of  varying  not  only  the  amount 
of  water,  hut  also  the  weights  of  acid  and 
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so58,  8ncl  the  temperature,  furnish  the  Justi- 
fication for  this  series  of  tests. 

As  a  result  cf  the  present  investi^roticn, 
the  following  groups  of  curves  ere  herein- 
after included: 

1.   The  relation  hetv;een  net  gas  space 
and  maximum  pressvires  at  various  tempera- 
tures. These  curves  should,  theoretically, 
he  of  the  general  nature  indicatcc'  in  Tig.  A, 
for  as  the  ratio  of  air-space  to  solution  ap- 
proaches zero,  i.e.,  the  actual  air  space  ap- 
proaches zero,  the  masimtLm  pressure  generated 
should  approach  infinity;  and  cs  the  ratio  of 
air  space  to  solution  approaches  infinity, 
i.e.,  as  the  anoiuit  of  solution  approaches 
zero,  the  pressure  generated  should,  at  each 
of  the  various  temperatures,  approach  a  con- 
stant value. 

£.    The  relation  between  temperature 
end  pressure  at  normal  charges  and  v/ith  vary- 
ing charges  of  acid,  soda  and  water.  The 
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theoretical  neture  of  this  curve  is  as  shoHn 
in  figure  "B",  in  which,  the  pressure  varies 
directly  with  the  temperature  due  principally 
to  the  fact  that  more  COp  gas  dissolves  at 
the  lower  tecrperatures  leaving  less  gas  evail- 
ahle  for  generating  pressure;  and  to  a  lesser 
es:tent  in  accordance  with  Charles  lew. 

3.  The  relation  hetween  weights  of  acid, 
and  pressure,  other  factors  remainung  con- 
stant.  This  curve  should,  theoretically, 

he  as  indicated  in  figure  "C",  for  the  amount 
of  gas  generated,  and  hence  the  maximum  press- 
ures. Trill  increase  as  the  weight  of  acid 
increases  until  the  point  "a"  is  reached  cor- 
responding to  the  weight  of  acid  which  will 
completely  act  with  a  given  weight  of  soda. 
Beyond  "a",  where  an  ciKicess  of  acid  is  added, 
the  pressure  should  remain  constant,  since 
the  amount  of  gas  generated  remains  constant. 

4.  The  relation  "between  weights  of  soda. 
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end  pressure,  other  factors  remaining  con- 
stant. The  general  form  of  these  curves  wij.1 
"be  that  indicated  in  figure  '''^-'-^   for  the  rea- 
sons given  atove. 
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CEAPIER  1. 
TTET  APPARATUS  .- 
The  essenticl  part  of  the  test  appar- 
atus v;as  the  eztinguishcr  itself.   It  is 
shown  in  the  accompanying  photograph, 
(Fig.  1.)   end  coinprised  the  main  tank  (  T  ) 
of  40  gallons  capacity,  the  ccgc  (  C  )  in 
T7hich  the  acid  "bottle  (  A  )  rcctcd,  and  the 
cover  (  E  ) .   The  tank  itself  was  of  scam- 
less  cold  dra\7n  steel.  A  head  of  the  same 
construction  was  riveted  to  the  msin  shell, 
as  shown  in  figure  £,  and  the  v/hole  seam  was 
"becked  with  a  heavy  tody  of  solder,  protect- 
ing the  seam  and  rivets  from  any  poc3i"blc  at- 
tack ty  presenting  a  smooth  interior  where 
no  corrosive  seCiment  could  lodge.  The  over- 
all dimentions  were:  length,  49  inchesj 
diameter,  23  7/8  inches;  height,  52  inches. 
The  cage  was  of  heavy  cast  "brass,  protected 
against  corrosion  and  rested  on  projections 
in  the  neck  of  the  tank.   It  was  of  such 
length  that  the  level  of  33  gallons  of  water, 
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chc -ing  ^vv.'^-c ,    scld  1: 
end  cs''e. 


Pig.   2 
Cross-section  tLru  top 
of  tank. 


Acid  Bottle  and  Stopple. 


TEST  APPARATUS .  I 

the  normal  charge,  just  reached  its  loT^er 
surface  and  thus  serveo  as  en  indicator  for 
filling.   Its  main  function  v;es  to  support 
the  acid  "bottle,  the  detailed  construction 
of  which  is  shov/n  in  figure  2,  The  "bottle 
was  cf  lead,  with  a  glass  neck  affording  a 
non-sticking  seat  for  the  lead  stopple  eAd 
was  supported  "by  the  projecting  clcnents 
B-E.  A  le£d  stopple  fitted  loosely  in  the 
neck  of  the  acid  hottlc. 

Aujcilisry  appcratus  included  a  30C^, 
and  a  500^  gauge,  thermometer,  siz  foot 
rule,  scales,  coda  pail  and  fmmcl,  stir- 
ring rod  six  feet  long  (vrood)  and  a  one 
gallon  measure. 


CHAPTER  2 . 
TEST  TIETHOD. 
As  it  was  desired  in  the  course  of  the 
investigation  to  use  various  volumes  of 
water,  the  first  step  was  to  devise  a  quick 
Ecthod  of  getting  any  desired  volume  of  v/ater 

into  the  tank.   It  would  not  he  feasible  to 
use  a  1-gr.llon  measure  each  time  the  tank  was 

filled,  so  a  preliminary  set  of  data  was 
taken  Bhov;ing  the  height  of  the  v;ater  level 
"below  the  top  of  the  tank  for  one  gellon  in- 
tervals of  volume.   The  amount  of  v;ater  put 
into  the  tank  v/as  measured  with  a  l-gtllon 
measure  of  especially  accxirate  construction; 
it  v;as  conical  in  shape,  the  top  of  the 
measure  heing  ahout  1  l/2  inches  in  diameter. 
As  each  gallon  v/as  added,  the  height  of  the 
water  level  he low  the  top  of  the  tank  was 
measTired  v/ith  an  ordinary  six  foot  rule. 
Heights  were  measured  at  one  gallon  intervals 

from  fifteen  gallons  to  forty  gallons, 
three  series  of  readings  heing  taken,  and  the 
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everage  values  used  in  the  cuccceding  tests. 
The  tests  were  made  v.'ith  "closed  nossle" 
in  order  to  give  results  7/hich  night  he  con- 
sidered more  nearly  standard,  for  the  press- 
ure developed  would  vary  somev/hat  with  the 
kind  of  hose  and  nozzle  used.   It  v/as  felt 
that  the  results  obtained  could  readily  he 
translated  into  terms  of  "open  nozzle" 
pressures  hy  rtmning  a  few  tests  to  show 
the  relation  hetv^een  these  masciiauin  closed 
nozzle  pressures  and  the  mazimum  obtained 
under  open  nozzle  conditions  with  hose  at-- 
tached.   The  hose  v/as  detached  for  these 
tests  for  it  would  be  necessary,  in  order  to 
eliminate  errors  due  to  capacity  of  the  hose, 
to  fill  it  with  water  before  each  run;  and 
it  was  thought  easier  to  detach  the  hose  once 

end  for  ell,  and  substitute  simply  a  shut- 
off  valve  thru  which  the  pressure  night  be 
blovm  off. 
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c  i 


In  operating  the  raachine,  the  desired 
charge  of  water  vras  first  riin  in  and  brought 
to  the  proper  temperature  hy  rimning  either 
hot  cr  cold  water  cc  required,  from  the  house 
system  over  the  tank.   The  soda  charge  was 
then  poured  in  and  thoroughly  stirred  until 
there  was  no  douht  of  its  complete  solution. 
The  height  of  the  solution  level  he low  the 
top  of  the  tank  v/as  measured;   The  acid 
charge  v/es  then  weighed  out  and  the  cage, 
acid  hottle  and  stopple  put  in  place,  the 
cover  screv/ed  on  tightly,  gauge  scrercd  on 
and  valve  "C"  closed.   The  machine  was  then 
inverted,  as  shovm  in  figure  4.   This  invert- 
ed the  acid  "bottle  allov/ing  the  acid  to  run 
out  and  react  with  the  soda  solution.   The 
flow  of  acid  was  governed  hy  the  space  hetwecn 
the  top  of  stopple  and  the  hottom  of  cover, 
which  wcs  ahout  l/2  inch.   The  actual  area 
"between  the  stopple  and  the  neck  of  the  acid 
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"bottle  in  this  inverted  position  V7as  .54 
squere  inches.  Then  the  mexinun  pressure 
hed  "been  reached,  the  shut-off  valve  "G" 
was  opened  and  the  contents  of  the  tank 
discharged  thru  it.  Then  all  the  precsiire 
hed  been  released  the  cover  v/as  tsken  off 
rnd  the  tank  and  acid  hottle  thoroughly 
cleaned  "before  proceeding  with  the  next 
run. 

It  V78S  found  that  after  the  marimum 
pressure  had  "been  attained,  the  nechine 
v/as  uprighted  T/hen  the  pressure  rose  ahove 
the  previous  narimun,  indicating  that  not 
all  of  the  acid  had  reacted  while  the  mach- 
ine T/as  invertec. .   It  is  felt  that  these 
"ra&TAna     after  shaking"   indicate  the  true 
ma::inuxi  pressures,  since  these  arc  the  press- 
ures attained  when  all  the  acid  and  soda  have 
reacted. 
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Pour  groups  of  runs  v.ere  made  es  fclloxrs: 
(1)  Ycrying  the  air-space,  with  constant 
fncrnial)  weights  of  eeid  and  soda;  runs  made 
at  40°  ,  70°  ,   90**,   and  120"  F. 
(E)  Varying  the  temperature,  v/ith  normal 
charges. 

(3)  Yarying  the  vreight  of  acid,  with  con- 
stant (normal)  solution  and  weight  of  soda; 
runs  made  at  40°  ,  70°  ,  90°  ,  and  lEO*  P. 
f4)  Yarying  the  weight  of  soda,  with  con- 
stant (normal)  solution  and  v/eight  of  acid; 
rvjis  made  at  40°  ,  70°  ,  90*  ,  and  120°  P. 

In  each  run  pressure  readings  v/ere  taken 
at  regular  intervals  (generally  5  seconds) 
so  that  curves  might  he  drawn  if  desired, 
showing  the  rate  of  increase  in  pressure. 
A  total  of  ahout  sixty  runs  were  made,  in 
the  most  convenient  order  and  later  arranged 
in  the  four  groups  indicated  ahove. 
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T7   S    T-DA   TA-AIID-C   URYE   S, 


TE3T  DATA. 


CAPACITY   lEST, 


Gels.  Distcnce   from  top  of  Tsnk.dn.) 

Run  #  1.     Rtm  #  2.     Run  #  2.     Average. 


15  31  1/4 

15  31  1/4  31  1/4  31  1/4  31.25 

16  30   1/8  30  1/C  30   1/8  30.12 

17  29   1/16  29  29  29.02 

18  27  3/4  27   13/16  27  3/4  27.77 

19  26    11/16  26   11/16  26   9/l6  26.65 

20  25   1/2  25   1/2  25   1/2  25.50 

21  24  3/8  24  3/8  24  3/8  24.38 

22  23   1/4  23   1/8  23  5/l6  23.19 

23  22   1/16  22   l/8  21  15/16  22.04 

24  20  7/8  20  15/16  20  15/16  20.92 

25  19   13/16  19   7/8  19  3/4  19.81 

26  18   5/8  18   5/8  18   9/ 16  18.60 

27  17   7/16  17   1/2  17  3/8  18.44 

28  16   5/16  16   5/16  16   5/l6  16.31 

29  15  3/16  15  1/16  15  l/8  15.12 

30  14  1/16  15   7/3  13   7/8  13.94 

31  12    7/C  12  3/4  12   7/S  12.83 

32  11  3/4  11  5/8  11  3/4  11.71 

33  10  9/16  10  7/16  10  9/ 16  10.52 

34  9   7/16  9   5/16          9  3/8  9.38 

35  8   1/4  S   1/8            8  1/4  S.21 
26  7   1/16  7   1/8             7  7.C6 

37  5  3/4  5  13/16        5  II/I6  5.75 

38  4  7/I6  4  1/2            4  3/G  4.44 

39  3   I/I6  3   l/u            3   I/I6  3.08 

40  15/16  11/16  .54 


CAPACITY  OP  TAIfK 40  gels.    &  1  pint. 


TEST  DATA. 

c  w 

• 

IE  SPACT-PKSSSUEE  DATA. 

Acid      7   11: 

>s. 

Soda   20  n 

)S. 

P.Tin 

Yol.of 

Sol 

.level  Vol. of  Vol. of 

Ratio  of 

l<i6X. 

Max.   after 

]?o. 

rater 

from  top 

Air-       Sol. 

Air-spcce 
Solution 

Pres. 

shelling. 

of 

tank 

space 

Gels. 

Inches 

Gels.      Gals. 

fo 

II  /n 

#/d" 

TEirPERATUEE-40*' 

y. 

1 

20 

24 

5/16 

18.47      21.06 

85.50 

157.5 

— _ 

5 

33 

9 

3/4 

5.85     33.68 

17.38 

147.0 

^-*  — 

9 

25 

18 

7/8 

13.75      25.78 

53.45 

145.5 

—  .^ 

16 

30 

13 

3/16 

8.85     30.68 

28.80 

146.6 

149.0 

52 

30 

13 

8.63     30.9 

27.94 

154.5 

153.0 

17 

34 

8 

1/2 

4.78      34.75 

13.76 

162.3 

173.0 

62 

38 

3 

1/4 

.65     38.88 

1.67 

276.0 

205. 0 

61 

20 

24 

1/4 

18.42      21.11 

87.40 

154.0 

154.0 

TEI.TEEATUKE-70'' 

F. 

2 

20 

24 

3/8 

18.53      21. CO 

88.30 

188.0 

— _ 

12 

25 

19 

1/8 

14.96      25.57 

58.55 

187. C 

^  ~.  *m 

13 

30 

13 

1/8 

8.79     30.74 

28.60 

197.5 

—  __ 

6 

9 

3/4 

5.85     33.68 

17.58 

107.5 

—  —  ... 

14 

33 

9 

3/4 

5.85      33.68 

17.38 

187.8 

£44.0 

57 

33 

9 

3/4 

5.85     33.68 

17.38 

221.0 

225.0 

15 

34 

8 

3/8 

4.67     34.86 

13.39 

197.0 

246.0 

55 

34 

8 

5/8 

4.88n  34.65 

14.08 

197.0 

270.0 

58 

37 

5 

1.96      37.57 

5.22 

300.0 

304.0 

!DEI.!PERATURE-90'' 

F. 

3 

20 

?A 

1/2 

18.64      20.89 

89.20 

210.0 

— _ 

10 

25 

19 

13.86      25.67 

53.96 

216.0 

--._ 

19 

30 

13 

3/16 

8.85     30.68 

28.82 

221.0 

226.0 

8 

33 

9 

3/4 

5.85     38.68 

17.38 

241.0 

«  — » 

20 

34 

8 

9/16 

4.83      34.70 

13.91 

235.0 

303.0 

60 

36 

6 

1/4 

2.91      35.62 

7.94 

276. C 

359.0 

TE1IPI3ATUEE  -120 

"  F. 

4 

20      ' 

24 

5/8 

18.83      20.70 

91.00 

235.0 

mm   ^   ^ 

11 

OK 

19 

3/16 

14.02      25.51 

55.00 

242.7 



IG 

30 

T2 

^k.1^ 

1/16 

8.74     30.79 

21.91 

290.0 

292.0 

7 

33 

9 

3/4 

5.85      33.60 

17.38 

315.0 

.-  «  -* 

23 

34 

1/2 

4.78      34.75 

13.77 

310.0 

395.0 

^m 
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TEST  LATA.  25 


ACID-PKCS3UEE  DATA. 


T/ster  33  gals. 
Soda      20   Its. 


Run    T7t.    of     1183^.       Ilax.   after 
TTo.     Acid         Press.      Slaaliing 

TIi:i.TP3:KATURE-40''  F. 


El 

4 

117.5 

119.0 

25 

6 

138.8 

143.0 

5 

7 

147.0 



£8 

8 

174.5 

198.0 

TEMPrJlATUEE-70**  P. 
53  4  146.5  148.0 


59 

6 

193.0 

196.0 

29 

4 

148.3 

151.0 

57 

7 

?21.0 

225.0 

6 

7 

187.5 



14 

7 

137.8 

244.0 

51 

7 

191.0 

226.0 

30 

8 

208.5 

286. C 

TiU-IPERATlIRE-  90 


o  -p 


24 

4 

169.2 

173.0 

26 

6 

240.0 

245.0 

32 

6 

228.0 

260.0 

8 

7 

241.0 



31 

8 

249.0 

303.0 

TEI.lPERATURE-12  0 


O     -CT 


27 

4 

223. C 

225.0 

33 

6 

284.0 

294.0 

7 

7 

315.0 

—  - 

36 

8 

292.5 

396.0 

59 

8 

387. C 

393.0 

.„J — ^^ 
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TEST  DATA.  S7 


SODA  PRESSUKE  DATJ 


Water  33  gals. 
Acid   7  l"bG. 


Kun  vrt.  of  IHsx.       Mcz.  after 
llo.  Soda    Press.  Shaking 


1-bs.         #/d"  #/o" 


o 


TEI.]PERATUKE-40     P. 


34 

15.0          1E0.8 

142.0 

35 

18.0          132.5 

159.0 

5 

20.0          147.0 

___ 

37 

22.0          176.5 

177.0 

TElIPrRATURE- 

70°   P. 

28 

15.0          161.0 

221.0 

39 

18.0          191.0 

212.0 

14 

20.0          187. G 

244.0 

6 

20.0          137.5 

SSl.O 

57 

20.0          221.0 

221.0 

40 

22.0          220.0 

247.0 

TEiTil^-ATUIffi- 

90"   -p. 

41 

15.0          178.0 

269.0 

43 

18.0          226.3 

£77.0 

8 

20.0          241.0 



45 

22.0          284.0 

235.0 

TEITITATUBE- 

120*  F. 

42 

15.0          222.5 

328.0 

44 

18.0          257.0 

342.0 

7 

20.0          315.0 

-— 

46 

22.0          361.0 

361.0 

""' ' ^' 1 

•  "1 

i 

_____ _ _ 

~-tJ 

? 

5. 

1 

^ 

y^ 

m 

> 
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TEST  DATA.  29 


TEI.IP]:ilATIIRE-PRESSUBE  LATA. 

-110Rl.mi.  CEARGE- 

Water  33  gsls. 
Acid    7  lbs. 
Soda   £0  lbs. 


Rxm 

Teiirp. 

Uax. 

Max.   after 

ITo. 

Press. 

Shaking 

°]?. 

#/n  " 

#/a" 

5 

41 

147.0 

-•  «  » 

47 

54 

170.0 

195.0 

6 

68 

187.5 

— — 

14 

70 

187.8 

244.0 

57 

70 

£21.0 

221.0 

8 

90 

241.0 

-__ 

48 

98 

264.0 

304.0 

56 

110 

268.0 

324.0 

7 

121. 

215.0 



TEST  PATA.  41 

TEtgISAT"JKE-PBESSI3BE  BiTA. 

YARIABIE  SOXUTIOK 

Acid        7   lbs. 
Sods      20   Itc. 

P.iin     Temp.     Iiax.  ITaz:.   after 

Ho.  Press.      Shaking 

H  .  TT/D  TT/D 

TTATER  CIIARC-S--20  gels. 

1  4C  157.5 

2  71  188.0 

3  89  210.0  

4  118  235.0 

WATEE  CEABGE— £5  gels. 

9  41         145.5 

12  70  187.0 

10  90  216.0 

11  120  242.7 

WATER  CEARGE— 50  gals. 

16  40    146.6    149.0 

13  70    197.5 

19  90    221.0    226.0 
18   120    290.0    293.0 

T7ATI31  CHARGE— 33   gals. 

5  41  147.0 

14  70  187.8  244.0 
57  70  221.0  221.0 

6  68  187.5  

8  90  241.0  

7  121  315.0 

YTATER   CEARGE— 34  gals. 

17  41    162.3    173.0 

15  70    197.0    246.0 

20  90    235.0    303.0 
23    120    318.0    395.0 


_s 

U- 

•< 

1 

iW 

s  ^. 

o  o 
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TEST  VA11A.  45. 

TEI^gERATUBE-PKSSSUEE  DATA. 
YAEL/LBIE  ACID 


T7cter     33  gals. 
Sodr        20  lbs. 


Rxua     Teirtp.     I.fe^:.  Mez.    efter 

ITo.  Press.      Shaking 


o 


ACID  CEARGE— 4   lbs. 


£1  40  117.5  119.0 

53  70.5      146.5  148.0 

24  90  169.0  173.0 

27        120  223.0  225.0 

ACID  CKAP.C-E~6  lbs. 


25  40  138.0  143.0 
29  70  193.0  196.0 

26  90  240.0  .245.0 

32  90  228.0  260.0 

33  120  286.0  294.0 

ACID  CHANGE— 7   lbs. 

5  41  147.0 


14 

70 

187.8 

844.0 

57 

70 

221.0 

221.0 

6 

68 

187.5 

__— 

8 

90 

241.0 

___ 

7 

121 

315.0 



ACID 

CEARGE— 8 

lbs. 

28 

40 

174.5 

198.0 

30 

70 

208.5 

280.0 

31 

90 

249.0 

303.0 

36 

118.5 

292.5 

396.0 

59 

120 

387.0 

393.0 
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TEST  DATA. 


45. 


TSHPERATURL-PBIISSURi:  DATA. 

VARIAPIE  SODA  CILARSE 

weter     33  gels. 
Acid         7  Ite. 


Run     Tenrp. 


Max. 
Press. 


Ilax.   after 
She king 


'F. 


4/   It 
IT  la 

■  3EAEGE- 


u  la 
•15   Its. 


SODA 


34  40.5 

38  70 

41  90 

42  120 


120.8 
161.0 
178.0 


coo 


22.5 


142.0 
227.0 
269.0 

328.0 


SODA     CHARGE— 18    lbs. 


35 

40 

132.5 

139.0 

39 

70 

191.0 

212.0 

43 

90 

226.3 

277.0 

44 

120 

257.0 

342.0 

SODA     CEAEGE--20   lbs. 


5 

41 

147.0 

— -. 

57 

70 

£21.0 

221.0 

14 

70 

187.8 

244.0 

6 

68 

187.5 

—  __ 

8 

90 

241.0 

— __ 

7 

121 

315.0 

_  — — 

SODA     CrJffiSE— J 


lbs. 


37 

40 

176.5 

177.0 

40 

70 

220.0 

247.0 

45 

90 

284.0 

285.0 

46 

120 

361.0 

361.0 

IM*^ 
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Run  #  I. 

Acid  — 7  Its. 

Soda 20  l"bs. 

"Hater 20  gals. 

Temperature  --  40**  p. 

Time  Pressure 

Sec.  Cbs.     True 

5  S2.0     4S.5 

10  51.0     62.5 

15  68.0     80.0 

20  88. C     98.5 

25  107.0    117*5 

So  122.0    132.0 

55  132.0    141.5 

40  141.0    150.0 

45  145.0    154.0 

50  148.0    157.0 

55  148.0    157.6 

60  147.5    157.0 

«5  146.5    156.0 


47. 

Run  #  J. 
Acid 7  Its. 

Soda 20  Its. 

flBtex 20  gals. 

Temperature   --   71     ?. 
Time  Pressure 

Sec.      Ots.  True 

10  37.0  62.0 

20  68.0  99.0 

30  110.0  131.5 

40  151.0  157.5 

50  169.0  174.0 

60  177.0  183.5 

65  178.0  185.0 

70  179.5  186.5 

75  179.8  187.5 

80  179.8  187.5 

85  170.8  187.5 

90  179.5  187.3 

95  179.0  187.0 


c 


Rrm  )}  a. 

Acid 7  Its. 

Soda 20  lbs. 

Fater 20  gals. 

Temperature —   89     F. 

Time  Pressure 

Siso."  ©"bs.  True 

10  68.0  80.0 

20  106.0  116.0 

30  143.0  153.0 

40  166.0  174.0 

50  185.0  192.5 

60  195.0  202.0 

65  198.0  205.5 

70  199.5  207.0 

75  201.0  208.0 

80  203.0  210.0 

85  203.0  210.0 

90  202.5  209.5 

100  201.5  208.5 


TAT^  48 

Run  ft   4. 

Acid 7  11)8. 

Soda 20  Its. 

Water 20  gals. 

Temperatiire-   118     F. 

Time      Pressure 

Sec.     Cbs.  True 

10       56.0    68.0 

20       92.0  102.5 

30      137.0  146.0 

40      168.0  177.0 

50      192.0  198.0 

60      209.0  215.5 

70      220.0  226.0 

80      228.0  234.0 

90      229.0  235.0 

95      228.5  234.5 

100      228.0  234.0 

105      227.0  233.0 


TEST  lATA 

Rxm  #  _5. 

Acid 7  lbs. 

Soda 20  Its. 

TTeter 23  gels. 

Temperature 41  F. 

Time       Pressure 

Sec.  0"bs.  True 
10  61.0  45.0 
£0  98.0  83.0 
30  127.0  103.0 
40  145.0  133.0 
50  155.0  143.0 
60  158.0  146.0 
70  159.0  147.0 
80  159.0  147.0 
90       159.0   147.0 

100       158.5   146.5 

110       158.5   146.5 

120       158.3    146.3 


49 

Run  ir  6. 
Acid 7  Its. 

Soda EO  Its. 

Water 33  gals. 

Temperature 68°  F. 

Time      Pressure 

Sec.  Ots.  True 
5  49.0  32.0 
10  78.0  63.0 
15  105.0  90.0 
20  131.0  118.0 
30  165.0  153.0 
40  185.0  175.0 
50  192.0  182.0 
55  196.0  186.0 
60  197.0  187.0 
70  197.3  187.3 
75      197.3    187.3 

110      197.3   187.3 


TEST  DATA 


BO 


Run  i-  2- 

Aoid 7  Its. 

Sods 20  Its. 

Water 33  gels. 

TemperatTire — 121  P. 
Time      Pressure 
Sec.     Ots.    True 
10       110.0    95.0 
20        178.0   167.0 
30        229.0   2E1.0 
40        265.0   258.0 
50        288.0   281.0 
55        300.0   295.0 
60        305.0   300.0 
65        310.0   305.0 
70        315.0   310.0 
75        320.0   320.0 
80        320.0   320.0 
90        320.0   315.0 


Run  #  6. 

Acid 7  Its. 

Sodo 20  Its. 

TTeter 33  gals. 

Temperature 90°  P. 

Time       Pressure 

Sec.     Ots.    True 

10        101.0    86.0 

20        151.0   139.0 

30        184.0   174.0 

40        205.0   195.0 

50        222.0   212.0 

60        229.0   220.0 

70        236.0   228.0 

80        241.0   233.0 

100        244.0   236.0 

130        246.0   238.0 

170        248.0   240.0 

200        248.0   240.0 


TEST   DATA 


51 


Uvea  #  9. 

Acid 7  11)S. 

Sode 20  llDS. 

Water 25  gals. 

Temperatiire —  41*^   F. 

Time  Pressure 

Sec.  Cbs.  True 

5  20.0  13.0 

10  50.0         33.0 

15  71.0  54.5 

20  90.0  75.0 

SO  126.0        112.0 

46  148.0       137.0 

50  155.0       143.5 

60  157.5        145.5 

70  156.5        144.7 

80  155.5        143.6 

90  154.5       143.0 

100  153.5        142.3 

110  153.0        142.0 


Run  #  10. 

Acid 7  lbs. 

Sode 20  llDS. 

Weter 25  gals. 

Temperature —  90"  T. 

Time       Pressure 

Sec.     Cbs.    True 

10       70.0    54.0 

20      108.0    93.0 

30      145.0   132.5 

40      170.0   158.^ 

60      186.0   175.0 

60      200.0   190.0 

70      211.0   202.0 

80      218.0   208.0 

90      221.0   212.0 

120      224.5   215.0 

140      225.0   216.0 

170      223.5   214.0 

200      222.5   213.0 


52 


Rim  #  11. 

Acid 7  l"bs. 

Sodc 20  Its. 

V'eter 25  gals. 

Temperature — 120"  P. 

Time      Pressure 

Sec.     Cbs.    True 

10      65.0    48.0 

20      108.0    93.0 

30      152.0   142.0 

40      184.0   173.0 

50      205.0   195.0 

60      221.0   212.0 

70      230.0   221.0 

80      238.0   230.0 

90      241.0   233.0 

100      244.0   236.0 

140      249.0   241.5 

170      250.0   242.7 

300      250.0   242.5 


Bun  #  12. 

Acid 7  Its. 

Sode 20  Its. 

TTeter 25  gels. 

Temperatiire 70''  F. 

Time  Pressure 

Sec.  Ots.         True 

10  66.0  50.0 

20  110.0         95.0 

30  142.0        129.0 

40  164.0       153.0 

50  179.0       168.0 

60  187.0        176.0 

70  192.0        181.0 

80  194.5        184.5 

90  195.5        185.0 

100  197.0       187.0 

110  197.0       187.0 

120  196.5        186.0 

130  196.0        186.0 


Rtm  #12 . 

Acid 7  Its. 

Sods £0  lbs. 

Teeter 20  gals. 

Teijperature 70°  F . 

Tine      Pressure 

Sec.        OlDs.  True 

10  75.0  60.0 

20  123.0  110.0 

30  152.0  142.0 

40  177.0  165.8 

50  194.0  183.0 

60  202.0  192. 0 

70  205.0  195.0 

80  206.5  196.5 

90  207.2  197.0 

100  207.2  197.0 

120  207.2  197.0 

140  £07.2  197.0 

180  207.0  197.0 


Run  #  14. 

Acid 7  l"bs. 

Soda 20  Its. 

Water 22  gels. 

Tenperature 70°? . 

Time  Preesiire 

Sec.        Ots.  True 

10  77.0  6£.0 

20  121.0  118.0 

30  160.0  148.0 

40  177.0  167.0 

50  186.0  176. C 

60  191.0  181.0 

70  194.0  184.0 

8e  195.0  185.0 

110  197.0  187.0 

170  197.8  187.8 

200  197.8  187.8 

220  190. 0  18G.0 

260  198.5  188.5 


RTin  #  16- 

Acid 7   Its. 

Sode £0   Its. 

Tester 34  gals. 

Temperettire 70°  F. 

Time      Pressure 

Sec.    OtB.    True 

10      91.0    84.0 

20     154.0   143.0 

30     182.0   169.0 

40     198.0   185.0 

50     206.0   192.0 

60     210.0   196.0 

70     211.0   197.0 

80     211.0   197.0 

95     211.0   197.0 

105     210.7   196.3 

120     210.0   196.0 

130     209.5   195.5 

140     209.3   195.3 
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Run  #  16. 

Acid 7  Its. 

Sode 20  Its. 

^ater 30  gels. 

Tenrpereture 40°  F. 

Time      Pressure 

Sec.    Ots.    True 

10      62.0    57.0 

20      96.0    89.0 

30     125.0   116.0 

40     141.0   131.0 

50     152.0   141.0 

60     155.0   144.0 

70     157.0   146.0 

80     157.6   146.6 

110     157.6    146.6 

120     157.2    146.2 

130     157.0   146.0 

140     157.0   146.0 

150     156.8   145.8 


Run  #  17. 

Acid 7  Its. 

Sode 20   lbs. 

TTeter 24  gsls. 

Temperature 41"  F. 

Time  Pressiure 

Sec.  Obs.  True 

5  52.0  47.0 

15  110.0  107.0 

20  13E.0  122.0 

25  144.0  134.0 

30  155.0  144.0 

35  162.0  151.0 

40  168.0  157.0 

45  172.0  160.0 

50  174.0  162.0 

55  174.3  162.3 

60  174.0  162.0 

70  172.5  160.5 

80  191.8  159.8 


:p:st  lAxA  55 

Run  #  16. 

Acid 7   lbs. 

Sods 20  lbs. 

T7ater 30  gels. 

Temperature — 120°  F. 

Time  Pressure 

Sec.  Cbs.  True 

5  64.0  59.0 

10  102.0  95.0 

15  135.0  125.0 

aO  168.0  157.0 

25  195.0  182.0 

30  215.0  200.0 

40  246.0  230.0 

50  273.0  257.0 

60  289.0  271.0 

70  301.0  282.0 

80  307.0  288.0 

90  308.0  289.0 

105  309.0  290.0 


TLLT   I  A':  A 
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Rtm  #  19. 
Acid 7   ITds. 

Sods 20   Its. 

Tetsr 20  gals. 

Temperature 90*  F. 

Time      Pressure 

Sec.    CbB.  True 

10      85.0    82.5 

20     131.0   122.0 

30     165.0   151.0 

50     205.0   185.0 

70     224.0   202.0 

90     254. 5   210.0 

120     240.0   215.0 

150     242.5   217.5 

180.     244.0   219.0 

210     245.0   220.0 

240     245.4   220.4 

270     246.0   221.0 

300     246.0   221.0 


Run  #  £0. 

Acid 7  Its. 

Sode 20  Its. 

?:ater 54  gels. 

Temperature 90  **  ?. 

Time      Pressure 

Sec.    Ots.    True 

10      80.0    79.0 

20     150.0   145.0 

50     205.0   195.0 

40     228.0   216.0 

50     240.0   227.0 

60     246.0   252.0 

70     248.0   235.0 

80     250.0   255.0 

90     250.0   255.0 

100     250.0   £55.0 

110     250.0   235.0 

120     250.0   255.0 

140     249.0   254.0 


Run  #   21. 

Acid 4   lbs. 

T^ater 55  gels. 

Sods £0   lbs. 

Temperature 40°  F. 

Time  Pressure 

Sec.  Obs.  True 

5  58.0  42.5 

10  59.0  60.0 

15  85.0  80.0 

20  105.0  98.0 

25  114.0        107.0 

50  124.0        116.0 

55  126.0        117.5 

40  126.0        117.5 

45  125.5        117.0 

50  125.0        116.5 

55  124.5        116.5 

60  124.0        116.0 

65  125.5        115.5 


:i.L1  lAl'A  57 

Run  #   22. 

Acid 4   lbs. 

TTeter 55  gels. 

Sods 20  lbs. 

Temperature 70°  F. 

Time      Pressure 

Sec.  Obs.  True 
5  46.0  48.0 
10  74.0  75.0 
15  99.0  95.0 
20  121.0  112.5 
50  149.0  157.5 
40  158.0  145.5 
50  160.5  147.5 
60  161.0  148.0 
70  161.5  148.5 
80  161.5  148.5 
90     161.5    148.5 

110     161.5    148.5 

120     161.0   148.0 
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Acid 7   l"bs. 

Sods 20  l"bs. 

Water 34  gels. 

Tempera ttire — 120*  F. 

Time  Pressure 

Sec.  Ohe,  True 

10  125.0  122.0 

20  190.0  180.0 

30  132. C  116.0 

40  286.0  271.0 

50  312.0  296.0 

60  325.0  308.0 

70  330.0  313.0 

80  335.0  318.0 

90  335.0  313.0 

100  335.0  318.0 

120  335.0  318.0 

140  335.0  318.0 

160  334.0  317.0 


Run  #   24. 

Acid 4   Its. 

Sods 20   llDs. 

r-'ater 33  gals 

Temperature 90"  F. 

Time      Pressure 

Sec.  Otis.  True 

10  84.0  70.0 

20  134.0        122.0 

30  167.0        151^0 

40  180.0        164.0 

50  184.0        167.0 

60  186.0        169.0 

70  186.0        169.0 

80  186.0        169.0 

90  106.0        169.0 

100  185.5        160.5 

110  185.5        168.5 

120  185.0        168.0 

130  184.5        167.5 
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Rtm.  #  £5. 

Acid 6  11)8. 

Soda 20  lbs. 

Fater 33  gals. 

Temperature 40°  F. 

Time  Pressiire 

Sec.  CTds.     •     True 

10  67.0  54.0 

20  102.0  88.0 

30  132.0        116.0 

40  143.0        127.0 

50  150.0        134.0 

60  155.0        137.0 

70  154.5        138.0 

80  155.0        138.5 

95  155.0       138.5 

105  155.0        138.5 

"115  155.2        138.6 

125  155.2        138.6 

135  155.2        138.6 


Rrm  #  26_. 

Acid 6   Its. 

Soda 20  lbs. 

Water S3  gals. 

Temperature 90°  F. 

Time  Pressure 

Sec.  Obs.  True 

10  86.0  72.0 

20  143.0  126.0 

30  177.0  161.0 

40  201.0  185.0 

50  219.0  201.0 

60  231.0  212.0 

70  240.0  221.0 

80  244.0  224.0 

100  250.5  230.0 

130  256.0  236.0 

160  258.0  238.0 

190  259.0  239.0 

240  260.0  240.0 


Rtm  #  £7. 

Acid 4  l"bs. 

Soda 20  llDB. 

V^ater 33  gelsy 

Temperature — 12C  F. 

Time  Pressure 

Sec.        Cbs.  True 

10  95.0  9E.5 

20  165.0  157. C 

SO  195.0  184.0 

40  215.0  202.0 

50  225.0  213.0 

60  231.0  219.0 

70  231.0  219.0 

80  233.0  221.0 

90  235.0  223.0 

100  235.0  223.0 

120  235.0  223.0 

130  234.0  222.0 

140  234.0  222.0 


TEST   DATA  60 

Run  #  28. 

Acid 8   Its. 

Soda 20   lbs. 

Water 33  gels. 

Temperature 40°  T. 

Time  iTessure 

Sec.  Ots.  True 

5  58.0         45.0 

10  89.0  75.0 

15  112.0  97.0 

EO  134.0        118.0 

25  149.0        133.0 

30  164.0        148.0 

35  170.0        154.0 

40  181.0        1G4.0 

50  189.0        172.0 

60  191.5        174.5 

80  190.2        173.2 

90  190.0        173.0 

100  189.0        172.0 
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Rim  f  E9. 

Acid 6   Its. 

Soflc £0  lbs. 

TTcter 23  gals. 

Tempcrotiire 70°  ?. 

Time  Pressure 

Sec.  Ots.  True 

10  88.0  74.0 

20  150.0        134.0 

30  179.0        163.0 

40  196.0        179.0 

50  206.0        189.0 

60  209.0        192.0 

70  210.0        193.0 

80  210.0        193.0 

90  209.5        192.5 

lOOrn  209.2        192.5 

110  209.0        192.3 

120  208.5        191.8 

130  208.0        192.3 


Run  #  30. 

Acid 8   Its. 

Sode 20  Its. 

Water 33  gels^ 

Tempers tiire 70"  ?. 


Time 

Press 

urc 

Sec. 

Ots. 

True. 

10 

110.0 

96.5 

20 

153.0 

139.0 

30 

182.0 

165.0 

40 

202.0 

185.0 

50 

213.0 

196.0 

70. 

221. e 

203.0 

90 

223.0 

204.5 

120 

223.4 

204.9 

175 

224.2 

205.3 

235 

225.2 

206.7 

295 

226.0 

207.5 

855 

£27.0 

208.5 

385 

227.0 

208.5 
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Rim  f  gl. 
Acid 8   Its. 

Sods 20   Its. 

T7ater 5S  gals. 

Teinpcreturc 90 **  ?. 

Time  Prcss'Jire 

Sec.  Cbs.  True 
5  5^75  46.0 
10  50.0  57.0 
15  105.0  102.0 
20  145. C  140.0 
25  165.0  150. 0 
40  210.0  193.0 
45  240.0  £27.0 
50  250.0  238.0 
55  255.0  240.0 
60  260.0  245.0 
70  263.0  248.0 
80  263.0  248.0 
90     267.0   249.0 

130     267.0   249.0 


Run  #  32. 

Acid 6  l"bs. 

Sode 20  Its. 

TTater 33  gals. 

Temperature 90**  ?. 

Time      Pressure 
Sec.    Ots.    True 

-TQ IUTjB SITT 

20      164.0  144.0 

20      201.0  179.0 

40      226.0  204.0 

50      243.0  219.0 

60      246.0  224.0 

70      252.0  227.0 

80      £53.0  228.0 

90      253.2   228.2 

100      253.2   228.2 

110      253.2   228.2 

120      253.2   228.2 

140      £53.2   228.2 

160      253.2   228.2 


Euix  #  S3. 

Acid 6   Its. 

Sods 20  lbs. 

T78ter 22  gels. 

Tempcrst;ire — 120°  P. 

Time  Pressure 

Sec.  Ots.  True 

10  105.0        100.0 

20  ISO.O       170.0 

30  224. 0       211.0 

40  255.0        240.0 

50  275.0        260.0 

60  285.0        269.0 

70  296.0        281.0 

80  296.0        281.0 

90  297.0        281.0 

100  500. C        284.0 

110  200.0        284.0 

120  300. C        284.0 

140  300.0        284.0 
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Run  #  34. 

Acid 7   Its. 

Sode 15  Its. 

TTater 23  gals. 

Temperature 40  *  P. 

Time     Pressure 

Sec.    Cts.    True 

10      42.0    44.0 

20      74.0    74.0 

30      96.0    96.0 

40     111.0   110.0 

50     117.0   116.0 

60     119.5   118.0 

70     120.5    119.0 

80     120.5    119.0 

90     120.5   119.0 

120     121.5   120.0 

150     121.8   120.3 

180     121.8   120.2 

210.     122.2    120.8 


Rim  #  55. 

Acid 7   l"bs. 

Soda 18   Its. 

TTster 53  gels. 

Tenrperettire 40*  F. 

Time  Pressure 

Sec.  Obs.  True 

5  34.0  36.0 

10  57.0  59.0 

15  79.0  79.0 

20  97.0  97.0 

25  IIE.O        111.0 

50  124.0        123.0 

36  130.0        128.0 

40  132.0        129.5 

50  134.5        131.5 

60  134.5        121.5 

70  135.0        132.5 

80  134.8        132.3 

100  134.2        131.7 

110  134.0        131.5 


TL-1'   LATA  64 

Run  #  36. 

Acid 8   Its. 

Sods 20  lbs. 

VTeter 33  gels. 

Tempero  ture — 118 .5^'S . 

Time  Pressure 

Sec.  Obs.  True 

10  95.0  105.0 

20  160.0  165.0 

50  205.0  204.0 

40  £40.0  235.5 

50  265.0  263.0 

60  280.0  275.0 

70  290.0  283.0 

80  294.0  287.0 

90  E95.0  288.0 

120  295.0  288.0 

140  295.0  288.0 

160  295.0  288.0 

210  295.0  288.0 

300  298.0  £91.0 


Rtm  #  37. 

Acid 7  Its. 

Soda 22  Its. 

Water 33  gels. 

Teraperature 40**  P. 

Time      Presstire 

Sec.  Ots.  True 
5  41.0  45.0 
10  70.0  69.0 
IE  96.0  96.0 
20  119.0  118.0 
25  134.0  132.0 
30  149.0  146.5 
35  161.0  159.0 
40  171.0  168.5 
50  178.0  175.5 
60  179.0  176.5 
70  179.5  176.5 
80  178.5  170.0 
90     176.5   174.0 


^j^2j'2   lAl'A  65 

Run  #  38 . 

Acid 7  Its. 

Soda 15  Its. 

Water 33  gals. 

Temperature 70  F. 

Time      Pressure 

Sec.    Ots.  True 
5      34.0     36.0 
10      62.0     63.0 
15      85.0     85.0 

20     111.0  110.0 

25     130.0  129.0 

30     141.0  139.0 

35     146.0  143.0 

40     152.0  150.0 

45     157.0  155.0 

50     159.0  157.0 

55     161.0  158.0 

65     162.0  161.0 

115     162.0  161.0 


TFST  LATA 


66 


Rim  #  39. 

Acid 7   ll3S. 

Soda 18   l"bs. 

ITater 32  gale. 

Tenperature 70  ?. 

Time      Pressure 

Sec.    Ots.    True 

10      80.0    80. C 

20     lEO.O   118.5 

40     165.0   163.0 

60     182.0   179.0 

70     184.0   181.0 

80     187.0   184.0 

90     180.0   186.0 

100     190.0   186.5 

110     191.0   188.0 

120     191.0   188.0 

160     193.0   189.5 

170     193.5    190.0 

200     194.0   191.0 


Rtm  #  40. 

Acid 7  Its. 

Soda 22  l"bs. 

^^'ater 33  gals. 

Temperature 70**  P. 

Time      Pressure 

Sec.    Ots.    True 

10      82.0    82.0 

20     135.0   133.0 

25     169.0   167.0 

40     192.0   189.0 

50     205.0   201.0 

60     213.0   209.0 

70     219.0   215.0 

80     220.0   215.0 

;C0     223.0   218.0 

120     224.6   219.0 

155     224.5   219.0 

165.0   225.0   220.0 

195     225.5   22r. 
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Run  7?  41. 
Acid 7  l"bs. 

Sodc 15  lbs. 

"^ater 33  gals. 

Teapcrsture 90°  ?. 

Time     Pressure 

Sec.    Obs.    True 

10      84.0    81.0 

20     129. C   132.0 

30     162.0   155.0 

40     174.0   166.0 

50     101.5   173.0 

60     186.0   176.0 

70     186.5   177.5 

80     187.0   178.0 

110     187.0   178.0 

120     187.0   178.0 

130     186.8   177.8 

140     186.5   177.5 

150     186.5   177.5 


Run  #  42. 

Acid 7  l"bs. 

Sode 15  ITjB. 

Wcter 33  gels. 

Temperature — 120°  F. 

Time     Pressure 

Sec.    Obs.    True 

10      75.0    85.0 

20     135.0   140.0 

30     173.0   172.0 

40     195.0   195.0 

50     200.0   209.5 

60     221.0   218.0 

70     221.0   218.0 

80     221.0   218.0 

90     225.0   222.0 

100     £25.5   222.5 

120     £25.5   222.5 

140     225.5   222.5 

150     225.5   222.5 
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Etm  #  43. 

Acid 7  ILc. 

Soda 18   llDS. 

Water -33  gals, 

Temreratiire 90°  F. 

Time  Pressure 

Sec.  Obs.  True 

10  99.0  95.0 

20  155.0        148.0 

30  197.0        192.0 

40  220.0        £09.0 

50  232.0        220.0 

60  237.0        224.5 

65  237.0        224.5 

70  239.0        225.0 

75  239.2        225.2 

80  238.8        226.3 

85  238.5        226.0 

90  238.5        226.0 

105  237.7        225.2 


Btm  #  44. 

Acid 7   lbs. 

Soda 18   lbs. 

TTeter 33  gals. 

Temperature — 120'  F. 

Time      Pressure 

Sec.  Obs.  True 
5  52.0  65.0 
10  90. 0  98.0 
20  154.0  157.0 
25  180.0  180.0 
30  200.0  200.0 
40  230.0  226.0 
45  £35.0  231.0 
50  240.0  235.5 
55  250.0  245.0 
65  256.0  251.0 
70  257.0  252.0 
75  261.0  257.0 
96     261.0   £57.0 
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Kim  ^  45. 

Acid 7  Its. 

Soda 22   lbs. 

TTatcr 33  gels. 

Temperature 90°  P. 

Tine  Pressure 

Sec.  Cbs.  True 

10  100.0        108.0 

20  165.0       168.0 

30  205.0        205.0 

40  231.0        228.0 

50  255.0        250.0 

60  265.0        260.0 

70  270.0        265.0 

80  276.0        271.0 

90  285.0        279.0 

120  2S4.0        278.0 

140  287.0        281.0 

150  290.0        284.5 

180  287.0        281.0 


Rtld  #  46. 

Acid 7  lbs. 

Soda 22  lbs. 

rater 33  gals. 

Temperature — 120°  ?. 

Time  Pressure 

Sec.  Cbs.  True 

10  115.0  120.0 

20  180.0  180.0 

30  245.0  240.0 

40  285.0  279.0 

50  315.0  305.0 

60  335.0  325.0 

70  345.0  334.0 

80  352.0  345.0 

110  375.0  360.0 

120  375.0  360.0 

130  376.0  361.0 

180  376.0  361.0 

200  374.0  359.0 


Kvaa  #  47, 

Acid 7   llDS. 

Soda 20  Its. 

Water 22  gals. 

o 

Temperature 54.5  P. 

Time  Prescxire 

Sec.  Obs.  True 

10  69.0    6S,C 

20  112.0  108.0 

30  147.0  141.0 

40  164.0  157.0 

45  169.0  162.0 

50  172.0  165.0 

55  175.0  168.0 

60  176.5  169.5 

65  176.5  169.5 

70  176.5  169.5 

80  177.0  170.0 

130  177.0  170.0 

140  175.5  169.5 
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Rtm  #  48. 
Acid 7  lbs. 

Sodr 20  lbs. 

Water 33  gals. 

Temperature 98*  F. 

Time      Pressure 

Sec.    Obs.    True 

10      75.0    05.0 

EO     145.0   150.0 

30     195.0   193.0 

40     220.0   210.0 

50     243.0   226.0 

60     256.0   249.0 

70     261.0   254.0 

80     264.0   258.0 

85     264.0   258.0 

90     264.0   258.0 

100     267.0    261.0 

110     270.0   264.0 

180     270.0   264.0 
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Eun  :v   50. 

Eun  : 

51. 

Acid-- 

-     7     llDS. 

Acid- 

—   7   lbs. 

Sods- 

-£0  l"bs. 

Sode-- 

—  20   llDS. 

TJater- 



-20  gals. 

TYater- 

— 55  gals. 

Tempei 

rature— .   71°  P. 
Pressure 

Tcmperature-- 

-    68^  F. 

Time 

Tirae 

Pre 

ssure 

Sec. 

Ots. 

True 

Sgc. 

0"bs. 

True 

10 

64.0 

62.0 

10 

76.0 

75.0 

20 

104.0 

99.0 

15 

102.0 

97.0 

30 

159. 0 

152. 0 

20 

124.0 

117.0 

40 

165.0 

157.0 

30 

160.0 

152.0 

50 

18S.0 

174.0 

25 

170.0 

165.0 

60 

192.0 

184.0 

40 

178.0 

170.0 

70 

196.0 

187.0 

50 

191-C 

185.0 

80 

198.0 

188.0 

55 

194.0 

185.0 

85 

197.0 

187.5 

60 

197.0 

188.0 

95 

196.5 

187.5 

65 

199.0 

189.5 

105 

195.5 

186.5 

70 

200.0 

198.5 

115 

195.0 

186.0 

75 

£00.5 

191.0 

160 

19.*:.  5 

185.5 

150 

200.5 

191.0 

Run  t    52. 
Acid 7  lbs. 

Soda £0  lbs. 

^ater £0  gsls 

Temperature 4C**  T. 

Time  Pressiire 

Sec.        Cbs.  -rue 

5  40.0  E6.0 

10  68.0  65. C 

15  90.0  86.0 

£0  109.0  102.5 

25  1?4.C  117.0 

S5  149-0  141.5 

45  161.0  16E.0 

50  152.0  154.0 

55  162.5  154.5 

60  162.0  154.0 

70  160.5  152.5 

85  159.5  151.5 

loo  158.5  150.5 
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Kun  f   5S. 

Acid 4   lbs. 

5ode £0   lbs. 

TJater ZZ  gals. 

Temperature--  71.5  ?. 

Time      Pressure 

Sec.  Cbs.  True 
5  Z&  .0  C)6 .0 
10  61.0  59.0 
15  90.0  86.0 
20  116.0  110.0 
£5  126.0  128.5 
30  148.0  140.5 
40  152.0  145. C 
45  154.0  146.0 
50  154.5  146.5 
60  154.5  145.5 
70  154.0  146.0 
90     152.0   145.0 

120     151.5   142.5 


Run  •*   55. 

Acid 7   Its. 

Soda —20  Its. 

TTater 54  gals. 

Temperature 70°  F. 

Time      Pressure 

Sec.    Ots.     True 

10      102.0    01.5 

20      155.0   139.5 

30      1G7.0   168.5 

40      205.0   185.5 

50      212.0   192.0 

55      215.0   194.5 

60      215.5   196. C 

65      216.5    196. C 

70      217.0   196.5 

90      217.0   196.5 

110      217.5    107.0 

140      217.5   197. C 

150      217.0   196.5 
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Run  #  56. 

Acid 7  Its. 

Soda 20  Its. 

Water 23  gals. 

Tenrperature — 110*  ?. 

Tine      Pressure 

Sec.   Cts.     True 

10     93.0  104.0 

SO    170.0  170.0 

25    194.0  194.0 

SO    216.0  214.0 

35    240.0  223.0 

40    254.0  246.0 

45    265.0  252.0 

50    267.0  255.0 

55    271.0  263.0 

60    274.0  266.0 

65    275.0  267.0 

70    276.0  268.0 

145    276.0  268.0 


Rtm  #   57. 

Acid 7   1133. 

Soda 20   Its. 

TTater 33  gals. 

Temperature 70°  ?. 

Time  Pressure 

Sec.  OlDS.  True 

10  85.0  92.0 

20  143.0       145.0 

30  178.0        176.0 

40  201.0        198.0 

50  214.0        210.0 

60  219.0        215.0 

70  221.0        217.0 

90  224.0        219.0 

100  225.0.      220.0 

110  226.0        221.0 

120  226.0        221.0 

130  225.0        220.0 

180  225.0        220.0 
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Run  #  58. 

Acid 7  Its. 

Soda 20  Its. 

T7ater 33  g-els. 

Temperature 70**  F. 

Time      Pressure 

Sec.    Ots.  True 

10      125.0  130.0 

EC      190.0  108.0 

30      230.0  224.0 

40      270.0  260.0 

50      285.0  274.0 

60      298. C  287.0 

70      805.0  294.0 

80      308.0  297.0 

85      311.0  300. C 

90      311.0  300.0 

100      311.0  300. C 

120      311.0  300. 0 

180      311.0  300.0 


TEST   I ATA 


75 


Run  #  59. 

Acid 8   lbs. 

Sodfi 20  l"bs. 

Water 33  gsls. 

Teinperature 1£0°  ?. 

Time  Pressure 

Sec.  0138.  True 

10  105.0        110.0 

20  185.0        183.0 

30  235.0        228.0 

40  279.0        269.0 

50  310.0        299.0 

60  335.0        323.0 

70  360.0        346.0 

90  384.0        367.0 

110  396.0        377.0 

130  402.0        382.0 

150  405.0        285.0 

170  407. C        387.0 

BIO"  407.0        387.0 


Rtm  #  60. 

Acid 7    Its. 

Soda 20  Its. 

Water 36  gels. 

Tearerature 90^  F. 


Time 

Pressure 

Sec. 

CTds. 

True 

10 

110.0 

115.0 

20 

196.0 

188.0 

30 

240.0 

253.0 

40 

270.0 

260.0 

50 

285.0 

274.0 

60 

286.0 

275.0 

65 

287.0 

276.0 

70. 

287.0 

276.0 

80 

287.0 

£76.0 

90 

287.0 

276.0 

100 

287.0 

276.0 

110 

287. C 

276.0 

120 

287.0 

276.0 
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Rxm  T   61. 
Acid 7    Its. 

Soda 20  Its. 

TTater 20  gels. 

Tecipcreture 40     P. 

Time  Pressure 

Sec.  Ots.  True 

15  65.0  75.0 

20  80.0  88.0 

25  95.0        101.0 

30  180.0        125.0 

35  135.0        140.0 

40  142.0        147.0 

45  149.0       ?.52.0 

50  150.0       153.0 

55  152.0       156.0 

60  152.0       156.0 

80  148.0   ,     151.0 

100  147.0        150.0 

120  146.0        148.0 


Rtui  #   62. 
Acid 7    Its. 

Sods 20  Its. 

^ater 38  gals. 

Temperature 40°  T. 

Time  Pressure 

Sec.  Cts.  True 

5  50.0  61.0 

10  135.0        140.0 

15  170.0        181.0 

20  205.0        202.0 

25  235.0        229.0 

30  255.0        246.0 

35  275.0        265.0 

40  285.0        274.0 

45  286.0        275.0 

50  287.0        276.0 

55  2e7.0       276.0 

60  287.0        276.0 

90  287.0        276.0 


SAITIE  CAICUXATICUS . 

Colculetion  of  air  space.   The  volume 
of  air  space  in  any  given  x\m   is  the  net 
volxme  of  the  tank  minus  the  voliune  of  sol- 
ution. The  net  volume  of  the  tcnk  wee  the 
gross  volume  minus  the  comhined  volume  of 
guard,  acid  "bottle  and  acid  and  vms  calcu- 
lated as  follov/s: 

Gross  volimie  of  tank  (from  capacity- 
test)  40.13  gals. 

Volume  of  guard  (estimated)  10  cu.  in. 

Volume  of  acid  "bottle  (estimated) 
£5  cu.  in. 

Volume  of  acid  (calculated)  105  cu.  in. 

Total 14C  cu.  in.  -.60  gal. 

ITet  volume  of  tank 39.55  gel. 

The  volume  of  acid  was  calculated  from 

the  expression:       TT  x  1728 

Y  -  — 

P  X  6£.4 

Where  W  is  v;eight  of  acid   (7  #)   end  P  is 
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specific  gravity  of  acid  (1.84). 

The  volume  of  solution  Tsras  attained  ty 
interpolating  in  the  data  from  the  capacity 
test.  For  instance,  referring  to  Run  #  1:- 
Eeight  of  solution  =  £4  5/l6"  -  24.51" 
Interpoleting  "between  £1  and  22  gallons, 
the  volume  of  solution  is  found  to  te  El. 06 
gels.  The  volume  of  air  space  v;cs  then 
39.53-21.06,  or  18.47  grls.,  and  the  ratio 
of  air  space  to  solution  t78S  18.47  to  £1.06 
or  85.50 ■%. 


PART       lY. 
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There  was  practically  no  room  for  error 
in  conducting  the  capacity  test  and  the  three 
sets  of  ohservations  checked  very  closely,  so 
that  the  averFge  values  are  ahout  as  acc;irete 
as  they  cculd  "be  uia.de. 

The  results  ohteined  in  the  closed  no22le 
test,  taking  up  the  groups  as  given  in  the 
introduction,  were  as  folloT7s:- 

1.   Air-space  press^lre  relation-* —  Tlie 
curves  plotted  from  this  test  data  follow 
very  cloccly  the  theoretical  curves  indicated 
in  the  introduction  and  prove  that  as  the  ei3? 
space  approaches  zero,  the  pressures  approach 
infinity.  The  soluhility  of  the  COg  s&z   at 
the  greater  pressure  modifies  the  actual  curves 
ohtaincd.  These  curves  clear  up  the  points 
v/hich  were  raised  in  the  previous  investigation 
of  1906,  mentioned  in  the  introduction, 

£.   Tempcratxirc-preaEure  relation The 

theoretical  temperature  curves  should  "be 
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practically  straight  lines.   The  actual 
curYGS  ©"bteineo  are  nearly  straight  lines.  The 
normal  tenperature-pressure  curve,  in  which  the 
greatest  number  of  points  were  obtained,  is  a 
straight  line  the  slope  of  which  is  far  greater 
than  Charles*  law  alone  would  show,  which  hears 
out  the  fact  mentioned  in  the  object  and  intro- 
duction, that  the  increase  in  pressure  with 
temperature  in  due  principally  to  the  greater 
solubility  of  OCr,   gas  at  the  lov/cr  temperatures. 
The  actual  amount  of  COp  dissolved  was  found 
to  be  14%   of  the  total  gas  generated  at  40°  F. 
and  only  Z>%   of  the  total  amount  of  gas  at 
120°  F.;  hence  there  will  be  a  considerably 
greater  proportion  of  the  gas  available  for 
generating  pressure  at  the  higher  temperatures. 
Still  another  factor  tending  to  increase  the 
pressures  at  higher  temperatures  is  the  fact 
that  at  these  higher  temperatures  the  chem- 
ical reaction  is  more  rapid,  resulting  in  a 
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violent  ebullition  which  in  ttirn  results  in  a 
more  co.rplete  reaction  "between  scid  and  soda. 

3.  Acid-pressure  relation. —  The  theor- 
etical amount  of  acid  necessary  to  act  com- 
pletely with  20  pounds  of  soda  fassumed  100^^ 
C.  P.)  would  he  ahout  1£  pounds  (assuming 
acid  94^/a  C.  P.)  Hence  there  is  an  excess  of 
soda,  end  the  curves  should  have  the  form  in- 
dicated helow  the  point  "a"  in  figure  "C"  of 
the  introduction.   The  curves  actually  oh- 
teinccl  have  this  general  form.   The  actual 
maximum  pressure  curves  are  straight  lines, 
while  the  "maximum  after  shaking"  ciirves  ap- 
proach the  theoretical  curves  more  closely. 

4.  Soda-pressure  relation.--  It  v/as 
sho\7n  in  the  ahove  paragraph  that  only  1£ 
pounds  of  soda  are  required  to  react  com- 
pletely with  the  given  CLXunt  of  acid.  Eence, 
since  15  pounds  was  the  minimum  weight  of 
soda  used,  the  curves  should  have  the  slope 
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indicEte-''  "beyond  point  "a"  in  figure  "C"  of 
the  introduction,  or  should  he  horisontal 
lines.   The  actual  curves  chtained  do  not 
follow  this  form  due  to  the  increased  oniount 
of  excess  soda  at  the  higher  charges,  and 
consequent  increase  in  initial  maximxim  press- 
ures "before  shaking.  After  shaking,  hov/ever, 
all  the  sodc  and  acid  react  giving  results 
TThich  check  more  closely  ^rith  the  theory  as 
shoTm  "by  the  appro::iinately  horisontal  "max- 
imuEi  after  shaking"  ciirvcs. 

There  secmecl  to  he  a  great  many  factors 
which  affected  the  results,  and  part  of  these 
conditions  are  at  least  indefinite.  After 
careful  consideration  of  the  results,  it  is 
our  opinion  that  the  cost  iciTiortont  factor  is 
the  amount  of  undissolved  soda,  depending  on 
the  amount  of  stirring  and  the  charges:  the 
greater  the  amount  of  undissolved  soda,  the 
higher  the  marimum  pressure  attained. 
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The  reason  for  this,  we  "believe,  is  as  fol- 
lows:  If  we  had  a  solution  in  whicL  &11  the 
soda  wcG  perfectly  dissolved,  only  a  certain 
portion  of  the  acid  T;ould  come  in  contact  and 
react  with  pert  of  the  solution,  and  the  mar- 
imum  pressures  developed  vrould  depend  upon 
the  proportions  which  reacted.  How  if  there 
te  a  considerchle  amount  cf  undissolved  soda, 
it  will  drop  to  the  hottoni  of  the  tank  and  re- 
act with  the  acid  and  the  mazinujn  pressure  at- 
tained will  he  greater  than  hefore.   On  the 
other  hand,  if  the  tank  "be  shaken,  the  acid 
v/ill  ho  "brought  into  contact  with  all  ports 
of  the  solution,  and  the  maximum  possi"ble 
pressure  will  he  reached  regardless  of  the 
amount  of  undissolved  soda. 

Another  important  factor,  especially  in 
the  temperature-pressure  relation,  is  the  sol- 
u"bility  of  COg  gss  at  various  tempcrctures  and 
pressures. 
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The  results  ottsincd  from  this  invest- 
igaticn  ttotc   very  satlsfectory.   The  effect 
of  variations  in  tho  four  factors,  i.  c,  eir 
or  gas  space,  temperature,  acid,  and  soda, 
ux?on  the  maxiKiun  pressures  developed  in  an 
acid-soda  extinguisher  with  closed  nozzle, 
was  determined  thus  fulfilling  our  object. 
Further  tests  are  desirable  to  show  the 
relation  between  these  closed  nozzle  tests 
and  the  open  nozzle  tests  under  the  same 
conditions. 
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In  the  course  of  the  tests  a  number  of 
minor  difficulties  were  encountered.  The 
first  of  these  was  the  fact  that  there  v;ere 
a  numhcr  of  pin-holes  thru  the  solder  at  the 
neck  of  the  tank,  and  some  pressure  v^as  lost 
due  to  these  small  leaks.   It  v/as  found,  hov;- 
ever,  that  the  most  serious  leaks  developcfi 
prohahly  did  not  lower  the  maximum  press^^re 
attained  hy  more  than  two  or  three  pounds,  and 
they  were  accordingly  neglected. 

Protahly  the  most  serious  difficxilty  was 
due  to  the  inaccuracy  of  the  gauges,  especially 
the  500§   gaufee.   The  latter  v/as  calihratec"  at 
the  "beginning  of  the  tests,  and  v/as  not  cal- 
ibrated again  for  several  days,  when  its  read- 
ings were  found  to  he  widely  different,  rnd 
thereafter  was  necessary  to  calibrate  gauges 
at  least  once,  and  often  tv/o  or  three  times  a 
dpy.  5ut  there  was  no  accurate  calibration 


T^hicli  coTild  te  useci  for  the  first  few  days* 
runs,  end  these  calibrations  were  estimated 
as  folloT/s:  One  run,  out  of  each  days  group 
of  runs  was  repeated, and  the  corrected  press- 
ure readings  teliulated.   It  v;as  then  assumed 
that  the  rise  in  pressure  was  unifora  and 
identical  in  hoth  the  original  and  chec>  tests, 
and  so  the  corrected  pressures  v/cre  set  dorm 
opposite  the  gauge  readings  corresponding  to 
their  respective  time  InttiVLls.   Ihis  gave  a 
series  of  gauge  and  true  readings;  in  other 
words,  calihration  data,  end  a  calibration 
curve  v/as  accordingly  plotted,  drawing  in  a 
straight  line  curve  between  the  average  points. 
This  curve  was  then  used  as  a  calibration  for 
that  particular  day' 6  runs.   This  method  v/as 
found  to  give  fairly  satisfactory  results,  and 
the  best  to  be  expected  imder  the  circimstances. 

The  gauge  calibrations  ere  given  on  the 
following  sheets. 
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CAIIBRATIOII  OF  500  #   GAUGE. 


True. 

1/15/17 

2/19/17 

£/£0/l7 

£/£6/l7 

zlzjii 

0 

7.i 

14 

10 

16.5 

25. 

.£ 

£6 

9.5 

12 

20 

25.5 

52 

56 

19 

21.5 

SO 

55 

45 

45.8 

CO 

50.5 

40 

44 

S5 

56 

58 

40.5 

50 

54 

63 

66.6 

48.5 

51.5 

60 

65.5 

75. 

,5 

77.1 

58.5 

6£ 

70 

75.5 

84 

87 

69 

72.5 

80 

85 

94 

97.5 

80 

05 

90 

92.  £ 

104 

107.2 

90 

94 

100 

101.5 

115 

119.1 

100.5 

104.5 

110 

111.5 

126 

1£9.9 

111 

115 

l£0 

122 

156 

140 

"1 «~  1  r 

1£6 

150 

152 

146. 

5 

150 

152.5 

157 

140 

141 

156. 

6 

160.2 

142.5 

147 

150 

150.5 

166 

170.2 

152.5 

-*-0  I  m  %j 

150 

160 

176. 

5 

181.4 

162.5 

167.5 

170 

169 

187 

191.7 

.172,5 

178.5 

lec 

179 

197 

£01.7 

185 

189 

190 

1G8.5 

207 

212 

195.5 

195.5 

£00 

190 

£18 

£22 

204 

£10 

210 

207 

£20. 

5 

255.6 

£21 

220 

217 

£59 

£44 

225 

£52.5 

£50 

226 

£50 

256 

244 

240 

256 

£6C 

£65 

247 

254 

£50 

246 

£70 

£76 

259 

265 

£60 

256 

£81 

£86 

£69.5 

278 

£70 

265.5 

£95 

297.5 

£81.5 

£89 

£G0 

275 

292 

500 

f  ■ 
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True. 

5/l£/l7 

3/£6/l7{Ai:) 

Z726/17(PI.:) 

10 

10 

13 

16.5 

£0 

20 

22 

26 

30 

£9 

32 

36.5 

40 

39.5 

42 

47 

50 

50 

53 

58 

60 

60.5 

63 

69 

70 

71.5 

74.5 

80 

80 

81.5 

85.5 

91. 

90 

92.5 

96.5 

101.5 

100 

103.2 

106.5 

11£ 

110 

113.5 

118 

124 

120 

1£4.5 

1£9.5 

185.5 

130 

135.5 

140 

146 

140 

145.5 

150.5 

156.5 

150 

156.5 

161.5 

167 

160 

166.5 

172 

177.5 

170 

176.5 

183.5 

180.  5 

180 

1S7.5 

193.5 

199 

190 

198 

£05.5 

£10 

200 

208.5 

£16 

£21 

210 

219.5 

£27.5 

233.5 

220 

£31.5 

238.5 

244.2 

230 

243 

£50 

256 

240 

254 

261.5 

267.5 

250 

264.5 

274.5 

280 

260 

£76 

_— — 

£91 
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True. 

5/ 12/ 17 

5/25/17 

4/5/17 

20 

15 

15 

15 

40 

25 

29 

25 

60 

45 

50 

49 

80 

70 

70 

71 

100 

92 

89 

94 

120 

110 

115 

115 

140 

155 

155 

T7r: 

160 

155 

159 

160 

180 

180 

180 

182 

200 

202 

201 

205 

220 

222 

222 

225 

240 

247 

248 

248 

260 

267 

268 

270 

280 

286 

288 

291 

500 

506 

512 

211 

S20 

S27 

550 

552 

540 

547 

555 

554 

560 

570 

575 

576 

580 

595 

598 

400 

400 

417 

420 

421 

420 

455 

442 

Aprnaix  •  9£ 
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True. 

2/19/17 

2/20/17 

2/26/17 

3/5/17 

20 

13 

13 

40 

35 

38 

20 

25 

60 

57.5 

60 

45 

45 

80 

82 

83 

70 

70 

loo 

103 

105 

90 

92 

1£0 

1£3 

125 

113 

115 

140 

145 

145 

133 

135 

160 

169 

170 

155 

157 

leo 

190 

190 

176 

180 

200 

213 

213 

£01 

200 

220 

232 

£33 

££S 

££3 

£40 

£55 

£55 

£45 

£45 

260 

£75 

£75 

£6£ 

£64 

280 

£95 

295 

£87 

£86 

300 

317 

320 

308 

309 

320 

337 

337 

3£7 

330 

340 

358 

359 

348 

353 

360 

S8£ 

381 

37£ 

375 

380 

405 

405 

395 

398 

400 

425 

424 

418 

418 

420 

448 

— ~. 

435 

439 

440 

469 

— _ 

455 

460 

460 

495 



48£ 

481 

